I. Introduction
Since the IEEE 802.11 WLAN was approved in the late 1990s, growth in the deployment of WLAN has surpassed all projections. The sales of WLAN equipment in the first two years were estimated to be $1.1 billion. By this year the value of WLAN installation is expected to reach $34 billion [l] .
'Ihe key issue in the deployment of W A N infrastructure is to provide optimal coverage. WLAN coverage is determined by the number of Access Points ( U s ) and their location in the design area.
O h the only method used to provide coverage is "tnaland error". However, experience has shown that this method is not accurate and reliable especially for large buildings [2] . Consequently, the use of optimization techniques has begun to attract attention. In general, the results obtained from the optimization approach are more reliable and enable trade-offs between AP parameters to be evaluated more easily than tnaland-error approaches. Several researchers [2-121 have used optimization techniques to obtain the optimal placement of APs. Most of the authors [2 -91 use discrete mathematical models to find the position of APs. In this case, the design
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Swinbume University of Technology Hawthorn. Vic 3122 pbrunch@swin.edu.au area is divided into rectangles (grids). APs are only allowed to be placed in the centres of the rectangles. To obtain satisfactory results, the size of the grid must be sufficiently small. However, in this case, the dimension of the problem can be very high. For this reason, some authors [I21 prefer continuous mathematical models. Others [IO-1 11 have tried to solve their optimization problem using both methods.
The model investigated in the current paper is also based on applying continuous optimization techniques with no restrictions on the position of APs.
It should be noted that there are different approaches to solve the optimization problem in hand. In most of them there are two types of variables in the model: integer variables and continuous ones. Continuous variables describe the location of APs .whereas integer variables describe the membership degree ofreceivers to clusters. Since each receiver can belong only to one cluster, integer variables can attain d u e s of 0 and 1 only. As a result one gets a mixed integer nonlinear programming problem It is we11 known that these problems are difficult to soive in many situations. A nonsmooth optimization approach described in this paper allows one to exclude integer variables, to reduce significantly the number of variables in the optimization problem and to replace the mixed integer nonlinear programming problem with a continuous nonfinear programming problem.
The paper is organised as follows. Section II shows the model notation. Section III presents the mathematical model.
The solution to the optimization problem is explained in section IV. The testing method is described in section V. Results and the effect of AP parameters on coverage are discussed in section VI. Finally section Vn summarises the paper and discusses hture research in this area. where ( a ) ' = max(a, 0).
General Notations
The above problem of minimizing (1) subject to ( 2 ) can be converted into the unconstrained one by using a penalty apprmch. If the path loss threshold @-) at a receiver location is violated, a penalty term depending on a parameter p will be added:
where a, = uj (U;, U;) , and ri = ri (r:, r:).
Optimization Model
In this model we use path loss to find the optimal placement of A P~. The path loss model is the core bf the ne total objective function is the sum of F, ~3 ( a ) = -I: m n g ( n j , q)+
I+ -
The objective function based on path losses can be developed in different formats such as the average path loss, the squared path losses, and a convex combination (an approach is used to combine two extreme cases) of the average and the maximal path losses with different coefficients. In this paper, we consider loss, the sum The path loss function at the i-rh receiver as described in 114-'51 Can be written as:
minimising the average path loss: 
This objective fbnction (1) provides coverage for the USXS the design area. The drawback with this objective function is that it might ignore a few remotely located Users. pi is minimized subject to the following constraint:
As described in 1151, the path loss at the reference B. Calculating Path Loss ut Reference Distance distance can be calculated from We have chosen the reference distance do = I m.
whereJis the canier frequency and c is the speed of light.
IV. Solution of Problem (1H2)
The objective function (1) is nonsmooth and nonconvex and it has many local minima. When the number of AP and receivers is large, we get a large scale global optimization problem However, traditional global optimization methods cannot be directly applied to it. Computation of suhgradients of the function F3 is a very difficult task Therefore, methods requiring subgradient evaluation at each iteration cannot be effective.
Direct search methods seem to be the best option for solving problem (1H2 
A. Finding the Number of APs
Initially we set the number of AP to 1: N = I ; then the necessary number of APs is found through the following steps:
I . Try to solve Problem (1)- (2) 
V. Method of Testing
Two simple cases were considered for conducting the test in order to examine the model. In the first case, the size of the design area was IO0 m2. in this area we located 4, 9, and 16 users. It is important for us to examine the model with different numbers of users, as the model is developed to cover the largest number of users rather than maximising the coverage of the design area . Fig 1 shows how users are distributed in the design area. In the second case, we extended the design area to 1000 m x I500 m, increased the number of users to 75, and distributed them in different parts of the area. 
VI. Results
A. Case One: Design Area 100 mz tn this case we considered the design area to be 100 m2 and usek to be distributed uniformly. We tested the model with different values of P, and Rlk. Table I shows the results for different values of P,, R(h and numbers ofusers.
The results indicate that when P, changes from 15 dBm to 20 dBm and R,k changes from -94 dSm to -70 a m , one is required to cover the users. In this case AP is placed on the top comer of the area. The result is the same for 4, 9, and 16 users in the area. Fig 3 shows coordinates of the AP for 4 users in the area. The reason that AP is placed in comer of the area in this case is due to the properties of the function (3). That is the path loss is a concave fimction of the distance. For an AP serving a number of users, the minimal average path loss is obtained by placing the AP near one of the users.
When PI is 20 dBm and R,k is increased to -60 dBm, again one AP is able to cover all users. However, the pusi tion of AP is changed. Coordinates of AP ate shown in Fig 4. As R,,, is further increased to -55 dBm, the coverage range is decreasing and consequently two APs are fwnd to be required to cover all users. 'Ihe same number of Ms is required when PI is reduced to 17 and 15 dBm, and Rrl is kept at -60 dBm. Fig 5 shows the coordinates of A P s for 9 users in the area.
when the area and the number of users are Iarge. These parameters can be used to limit the number of users per an AP in order to increase the throughput of the network.
Further work will involve extending the obJective Function to include the convex combination of the average and the maximal path losses with different coefficients and also to develop models based on considering distances and powers. To examine the model with real type environment, we will include areas with obstacles. Finally, we will lirmt the number of users per an AP in order to increase capacity for all users if With P, at 17 dBm and RIA at -55 dBm, all users aTe covered with four APs. Fig 6 shows when Pt is kept at 15 dBm and R,h is further increased to 6 0 dBm. This is due to the decreasing of the coverage range.
VII. ConcIusion
This paper describes a model based on path losses that can be used to find the optimal position of APs while covering as 
Rth=-73ddBm
